The energy-transducing, Mg-Ca activated ATPase (ATP phosphohydrolase, EC 3.6.1.3) of E. coli is located on the inner surface of the cytoplasmic membrane. Antibody to purified ATPase has now been used to demonstrate that membrane vesicles as ordinarily prepared by the lysozyme-EDTA method consist of two distinct populations. About half the vesicles are everted, and thus readily agglutinated by antibody to ATPase, while half are right-side out. NADH oxidase (reduced NAD:02 oxidoreductase EC 1.6.99.3) activity is associated almost entirely with everted vesicles, while the ability to concentrate proline is a property of the right-side out vesicles. The results explain the failure of previous workers to observe the energization of membrane vesicles by oxidation of NADH.
The study of membrane transport processes in cell-free membrane vesicles from Escherichia coli was introduced by Kaback and his collaborators and has found wide-spread application in other laboratories (1) .
It has been claimed (1) largely on the basis of their morphology that vesicles prepared by the procedures of Kaback (2) are essentially homogeneous, and that a significant number do not become everted during lysis of cells in the course of their preparation. However, there is growing evidence from studies of the biochemistry and function of these vesicles that they are heterogeneous. Investigations of van Thienen and Postma (3) and of Futai (4) show that the Mgactivated ATPase is localized on the inner face of the cytoplasmic membrane of E. coli. ATP is essentially impermeable to the membrane. The ATPase activity of vesicles prepared by procedures based on those of Kaback is consistent with the view that about half of these vesicles are inside-out; that is, with the ATPase exposed to the medium. Similarly, studies of glycerophosphate dehydrogenase, using ferricyanide as an electron acceptor that cannot penetrate the membrane, reveal that about half of these enzyme sites are exposed to the medium in isolated vesicle preparations (5) . In intact cells of E. coli, these enzymes, like the ATPase, are localized on the inner face of the membrane.
In previous work in this laboratory (6), the Mg-activated ATPase from E. coli membranes has been purified to homogeneity. We now find that antibodies to the purified enzyme can be used to agglutinate everted vesicles in which the ATPase is exposed. Such agglutinated vesicles can easily be separated from right-side-out vesicles by low-speed centrifugation. We find that osmotic shock of spheroplasts prepared by treatment with lysozyme-EDTA produces two distinct populations of vesicles. About half are everted and thus agglutinated by antibody, whereas half are right-side out.
We have also found that the NADH oxidase activity of E. coli is localized on the inner face of the cytoplasmic membrane. When vesicles were agglutinated by antibody to the ATPase, 85% of the NADH oxidase activity was recovered in the agglutinated vesicles. In contrast, the uptake of proline takes place in right-side out, unagglutinated vesicles. This demonstration of the functional heterogeneity of the vesicles explains the observation of Kaback and Barnes (7) that oxidation of NADH does not provide energy for the uptake of proline in isolated vesicles.
During the preparation of this manuscript, Hampton and Freese (8) debris by centrifugation for 10 min at 3000 X g for 10 min and isolated by sedimentation at 100,000 X g for 30 min. These membranes were resuspended and homogenized thoroughly before use.
Fractionation of Vesicles with Antibody to A TPase. Rabbit antiserum to purified Mg-Ca activated ATPase (6) from E. coli was generously provided by Dr. Ronald Hanson. The antibody-containing y-globulin fraction was obtained from 5 ml of the antiserum by batch DEAE treatment as described by Stanworth (10) , and dialyze against two changes of 0.1 M potassium phosphate containing 10 mM MgSO4, pH 6.6. After concentration of 2.5 ml over an Amicon PM 10 filter, the protein concentration of the final y-globulin fraction was usually 8-10 mg/ml. Serum from unimmunized rabbits was processed similarly to yield the control y-globulin fraction.
Membrane preparations were suspended in 1.0 ml of 0.1 M potassium phosphate of pH 6.6 containing 10 mM MgSO4 at a protein concentration of 0.5 mg/mil. Various amounts of antibody to ATPase or of control y-globulin were added, the volume made to 2.0 ml, and the suspensions incubated for 1 hr at 30°. The tubes were then held for 5 hr at 00, and centrifuged at low speed (approximately 1000 X g) on an International clinical centrifuge for 2 min. The pellet contained the agglutinated membrane fraction. Unagglutinated membranes were collected by further centrifugation at 45,000 X g for 30 min. Both membrane fractions were then resuspended in 0.5 ml of 0.1 M potassium phosphate of pH 6.6 containing 10 mM MgSO4.
Preparation (Fig. 1) . When the membrane vesicle preparation was subjected to sonic irradiation prior to addition of antibody, nearly all of the protein was recovered in the fraction agglutinated by antibody, indicating that the membrane fragments so obtained were almost entirely inside-out.
Localization of NADH oxidase
Intact cells of E. coli oxidize NADH added to the medium at a very slow rate ( Table 1 ). The activity of spheroplasts, the membranes of which have the same sidedness as intact cells, is somewhat higher, but is increased more than 6-fold when the spheroplasts are sonically disrupted. The sites of NADH oxidase thus appear to be largely or entirely on the inner aspect of the cytoplasmic membrane.
NADH oxidase in vesicles agglutinated by antibody to ATPase
If sites for the oxidation of NADH are available only on inside-out vesicles, then this activity should be largely concentrated in the fraction of vesicles agglutinated by antibody to ATPase. Fig. 2 shows the results of an experiment to test this hypothesis. More than 80% of the NADH oxidase activity was recovered in the fraction agglutinated by the antibody. Clearly, fractionation with antibody has separated the vesicles into two distinct populations, one of which (insideout fraction) contains nearly all of the NADH oxidase activity. When the supernatant fraction containing vesicles not agglutinated by antibody, was subjected to sonic disruption, the NADH oxidase activity increased more than 6-fold, indicating that the right-side-out vesicles do indeed contain NADH oxidase sites that can be exposed when the membranes are everted during sonic disruption. The active uptake of L-proline, energized by the oxidation of lactate or ascorbate plus phenazine methosulfate, takes place principally in right-side-out vesicles, that cannot be agglutinated by antibody to ATPase ( dures based on those of Kaback (2) had activity corresponding to about half-everted membranes.
Since the present work has shown that NADH oxidase activity is also largely or entirely due to everted membranes, the preparations of Barnes and Kaback (14) must also have had a high proportion of everted vesicles, as shown by their high rate of oxidation of NADH.
Since the oxidation of NADH was relatively ineffective in supplying energy for membrane transport in comparison to the oxidation of D-lactate, Kaback and Barnes (14) were lead to postulate a special role of D-lactate dehydrogenase in energizing membrane transport. The present results indicate that in fact the oxidation of NADH and active transport of substrates such as proline are processes taking place in different populations of vesicles. The isolation by Simoni and Shallenberger (15) of mutants with defective D-lactate dehydrogenase, but with unimpaired transport in vivo had already indicated that D-lactate dehydrogenase does not play a unique or special role in membrane transport.
Altendorf and Staehelin (16) concluded from studies with the electron microscope that employed the freeze-cleavage technique, that their membrane vesicle preparations contained almost entirely right-side-out vesicles. To explain the contrast between their findings and those of Futai (4) and Weiner (5), Altendorf and Staehelin (16) suggested that molecules of ATPase and other enzymes may migrate from the internal surface of the membrane to the external surface during lysis of the spheroplasts, giving rise to "hybrid" vesicles, largely right-side out, but with some protein molecules translocated from the inside. Our results do not support this model, but rather suggest that the vesicles consist of two distinct types, largely (or entirely) everted, and largely (or entirely) right-sided.
